Introduction
HIV-1 requires contact with two receptors to gain entry to cells and initiate infection; CD4 is the primary receptor and the chemokine receptors CCR5 and CXCR4 serve as secondary receptors (1) (2) (3) . Coreceptor usage plays a critical role in viral tropism, pathogenesis, and disease progression. HIV-1 strains that are transmitted in vivo generally use CCR5 (R5 viruses) (3) (4) (5) (6) . These viruses typically infect macrophages and primary CD4 + lymphocytes and do not form syncytia in vitro (7) . Years after chronic infection is established, CXCR4-using strains (X4 viruses) emerge in approximately 50% of infected individuals (3, 6, 8, 9) . The X4 viruses usually coexist with R5 viruses in the viral swarm (9, 10) . X4 strains not only infect primary T-lymphocytes but also replicate in T-cell lines and induce syncytia (7) . More striking is their influence on pathogenesis. Although a significant fraction of patients with late stage HIV-1 infection have only R5 viruses detectable, for those individuals in whom X4 strains do emerge, the expansion in coreceptor usage usually predicts rapid depletion of CD4 + cells and acceleration of HIV-1 disease progression (3, 6, 8, 9, 10) . The effect of antiretroviral therapy on coreceptor usage has not been studied quantitatively.
A recent analysis of HIV-1 coreceptor usage in infected individuals suggests a mechanism for the rapid CD4 + cell decline; X4 viruses infect an expanded spectrum of crucial target cells as compared with R5 strains (11) . Thus, abundant evidence suggests that reversing the emergence of X4 strains would be desirable in the HIV-1-infected individual. Whether the predominant populations of viruses can be shifted back to R5 once the X4 strains have emerged has not been studied systematically.
To address this issue, we first quantified the proportion of viruses in primary isolates that used each coreceptor and then investigated whether combination antiretroviral therapy, particularly highly active antiretroviral therapy (HAART), influences coreceptor usage. Treatment of infected individuals with HAART has led to a dramatic decline in both HIV-1-related illness and death (12) . Early clinical trials demonstrated a reduction of plasma HIV-1 RNA loads to undetectable levels in the majority of treated individuals (13, 14) . Subsequent studies, however, showed more limited success in achieving and maintaining viral suppression (15, 16 ). Yet many patients experienced immunologic and clinical responses to HAART without sustained suppression of plasma viremia (15) (16) (17) . These data led us to test the hypothesis that HAART not only reduces the quantity of virus but also affects the characteristics of HIV-1 by influencing coreceptor usage.
Methods
Study population. We examined coreceptor usage in 22 women who participated in two prospective studies of HIV-1 infection. Nineteen were enrolled in the BronxManhattan site of the Women's Interagency HIV Study (WIHS), a NIH multicenter study of the natural history of HIV-1 infection in women. Three took part in a study of HIV-1 pathogenesis performed at the Wadsworth Center of the New York State Department of Health in Albany, New York, USA. These cohorts have been described in detail previously (18, 19) . It is of note that both included individuals with a broad spectrum of HIV-1 disease. The institutional review boards at each clinical site and the New York State Department of Health approved the investigation. Each woman provided informed consent at enrollment.
To examine the effect of combination antiviral therapy on HIV-1 coreceptor usage, we sought women infected with X4 strains. After screening 22 women, most with advanced HIV-1 disease, we studied the 15 participants who met the following criteria: (a) their viral isolates displayed X4 strains either exclusively or in addition to R5 strains; (b) they were initially untreated or taking nucleoside analogues alone; and (c) antiretroviral therapy, when initiated, was clearly documented by the WIHS database, Wadsworth study questionnaires, and records of treating physicians. The 15 women who met the study criteria included 10 African Americans, 4 Latinas, and 1 Caucasian. HAART refers here to three or more antiretroviral drugs in combination, including at least one protease inhibitor.
Sample collection, preparation, and analysis. Peripheral blood was separated into plasma and cell components (18, 19) . We quantitated HIV-1 RNA in plasma by using NucliSens (Organon Teknika Corp., Durham, North Carolina, USA) with a lower limit of quantitation of approximately 80 copies/ml. The CCR5 genotype of each patient was determined as described (4) .
Derivation of primary viral isolates and biological clones. Primary isolates of HIV-1 were obtained by coculture with normal donor PBMCs (19) . Viral isolates were titrated in PBMCs (19) . Biological clones were derived from primary isolates by short-term limiting dilution cloning (9) .
Assay for coreceptor usage. We followed temporal changes in coreceptor usage of primary HIV-1 isolates and biological clones from participants in the study by using a HOS-CD4 + cell system. The parental HOS-CD4 + line is a human osteogenic sarcoma cell line stably expressing high levels of CD4. HOS-CD4 + cells transfected with genes encoding either CCR5 or CXCR4 in addition to CD4 (cell lines HOS-CD4.CCR5 and HOS-CD4.CXCR4, respectively) served as indicator lines for coreceptor usage (1) . To determine coreceptor usage, HOS-CD4.CCR5 and HOS-CD4.CXCR4 cells were seeded onto 12-well plates and, after 24 hours, inoculated with a standard quantity of titered virus; 10 2 50% tissue culture infective dose (TCID 50 ) of first-passage primary viral isolates or biological clones were assayed in duplicate. HIV JR-FL and LAV/HTLV-IIIB were inoculated in parallel as R5-and X4-specific positive control viruses, respectively, and uninoculated cells were used as negative controls. To eliminate any artifacts resulting from infection due to low levels of endogenous coreceptor expression, parental HOS-CD4 + cells were also inoculated with duplicate primary and control isolates.
Supernatants were harvested at day 10 after infection and analyzed for HIV-1 p24 antigen using a commercially available ELISA assay (NEN Life Science Products Inc., Boston, Massachusetts, USA). ELISA values were standardized so that 0 pg/ml was set at the level equal to three times the mean value of the negative controls. A culture was considered positive if the p24 antigen level was equal to or greater than 25 pg/ml. Experimental results were discarded if: (a) any parental HOS-CD4 + culture tested positive, or (b) any JR-FL-or LAV/HTLV-IIIB-positive control culture tested negative. If the variance in p24 antigen level between duplicate cultures was greater than 25%, the coreceptor usage assay for that particular viral isolate was repeated. Results of the coreceptor usage assay were then categorized in a semiquantitative manner according to p24 antigen level as follows: negative (p24 < 25 pg/ml), +/-(25-50 pg/ml), 1+ (50-250 pg/ml), 2+ (250-500 pg/ml), and 3+ (≥ 500 pg/ml).
Phenotypic characterization. The presence of syncytiuminducing (SI) variants of HIV-1 in patient primary viral isolates was determined by infection of MT-2 cell cultures as described previously (8) . A pooled stock of HIV LAV/HTLVIII was used as a positive control.
Sequence analyses of the HIV-1 V3 loop. HIV-1 virions were isolated from plasma samples as described (20) . RT-PCR amplification produced a 920-bp amplicon spanning the V3 region of the env gene. Reaction conditions were controlled rigorously to minimize recombination and other artifacts (20) . Amplified products were cloned into a TOPO TA vector (Invitrogen Corp., Carlsbad, California, USA), verified by restriction digestion, and sequenced. Alignment of the sequences was done initially using the PILEUP program in the GCG Suite (Genetics Computer Group, Madison, Wisconsin, USA), then checked manually. Envelope sequences were used to predict coreceptor usage on the basis of the overall charge of the V3 loop and the presence of basic or acidic residues at positions 275 and 287 of the env gene (21, 22) .
Statistical methods. The Wilcoxon rank sum test was used to make comparisons between the magnitude of log viral level, CD4 + counts, and λ values. Data for factors relating to changes in λ values were analyzed by multivariate Poisson regression. Variables included log HIV-1 RNA levels, changes in viral levels, CD4 + cell counts, changes in CD4 + cell counts, and indicator variables for levels of antiviral therapy.
To quantitate HIV-1 coreceptor usage, we constructed a variable, λ, as the proportion of strains using CCR5: λ = 1 represents an isolate in which all strains prefer the CCR5 receptor but λ = 0 indicates that all prefer CXCR4. Values for λ were assessed by using qualitative assay data derived from primary isolates, biologic clones, and sequences of the V3 portion of the env gene. In our determination of the coreceptor usage of 525 biologic clones, none was dual tropic, suggesting that true dual-tropic viruses are rare when using our assay method. We therefore assumed for this calculation that the probability of a single virion possessing the phenotypic attributes of both coreceptors is small. Thus, for the vast majority of virions, each virion uses either CCR5 or CXCR4. This relationship can be stated as a mixture distribution:
where D is the distribution of viral phenotypes. By design, we have a binomial population.
Values for λ were constructed by relating data derived from the same patient sample by using three different analyses: biologic cloning, V3 sequencing, and qualitative assays of primary isolates. To construct λ values, we first calculated the proportion of biologic and, if available, molecular clones using R5 at each time point, then linked the proportion to the qualitative coreceptor usage score (-to 3+) of primary isolates obtained simultaneously. Data that were not available were interpolated. The data were transformed to approximate a Poisson distribution. Poisson regression analysis was then performed to determine the factors associated with changes in λ values.
Results

Patient population and response to therapy.
To test whether antiretroviral therapy may influence HIV-1 coreceptor usage, we analyzed serial viral isolates from 15 women who demonstrated X4 viruses. In 14 women R5 viruses were present in addition to the X4 strains. The 15 women participated in prospective studies of the natural history of HIV-1 infection during the 1990s; 14 were enrolled in the WIHS (18) . All 15 women carried the homozygous wild-type genotype for the coreceptor CCR5. Initially, most displayed high-plasma HIV-1 RNA levels and CD4 + cell depletion (means of 5.22 log 10 copies/ml and 147 cells/mm 3 , respectively). At that time, eight women were receiving antiretroviral therapy, primarily zidovudine monotherapy. While under study, however, 12 initiated new combination regimens; nine received HAART (group I), and three received two or more nucleoside analogues (group II). Three individuals, by contrast, did not initiate new therapy during the study (group III) ( Table 1 ). For those initiating new therapy, HIV-1 RNA levels dropped by an average of 0.86 log 10 copies/ml and CD4 + counts increased by an average of 58 cells/ml by the first study visit after starting the new regimens. The viral levels rebounded by 0.69 log 10 copies/ml, however, by the end of the 28.5-month mean follow-up period for treated patients, at which time 11 of the 12 women continued to take antiviral therapy (six HAART, five two-drug regimens).
Antiviral therapy may preferentially suppress X4 strains. We followed temporal changes in HIV-1 coreceptor usage in the 15 participants in the study by using a HOS-CD4 + cell system, a cell line genetically engineered to indicate HIV-1 coreceptor usage in a semiquantitative manner (1) . Fourteen women initially displayed viral populations composed of both R5 and X4 viruses (Figure 1) , and one displayed virus that exclusively used X4. X4 viruses persisted at subsequent time points in patients who did not initiate new combination therapy, a finding exemplified in Figure 1 by patient 13, who remained untreated throughout the study, and patients 1, 2, and 8, whose virus was sampled on multiple occasions before new therapy commenced. Viruses using X4 appeared to be preferentially suppressed, however, when new regimens were initiated. Not only were X4 strains eliminated by the first time point after starting new therapy in half of the treated women ( Figure 1 ; patients 1, 2, 6, 8, and 10), but the proportion of these viruses seemed to be diminished in most of the others. In addition, patients who experienced a rebound in HIV-1 RNA levels and X4 strains while on therapy often achieved suppression of X4 strains a second time when the antiviral regimen was changed ( Figure 1 ; patients 2 and 8).
Coreceptor usage by biologically cloned viruses. Two aspects of the pattern of HIV-1 coreceptor usage in these individuals prompted us to delineate the proportion of individual viruses using each coreceptor. First, analyses of primary viral isolates by the HOS-CD4 + system indicated coreceptor usage by both R5 and X4 viruses at many time points (Figure 1 ). Because primary isolates comprise a molecular mixture of viral quasispecies, we wished to determine whether usage of both coreceptors was due to dual tropic viruses or a mixture of individual viruses with R5 and X4 tropisms. In addition, to compare coreceptor usage rigorously over time, it is desirable to quantitate the proportion of virus using each coreceptor. For these reasons, we isolated biologic clones that were derived from the patients' primary isolates by performing limiting dilution cultures. Coreceptor usage was then determined for 25 clones from each isolate by employing the HOS-CD4 + cell system. Biologic clones from these patients used either R5 or X4; no dual tropic viruses were detected among the 525 clones by using our assay system. In addition, the distribution of coreceptor usage by the clones generally confirmed the semiquantitative results obtained for primary isolates; proportions of HIV-1 using each coreceptor appeared roughly similar whether the cloned virus or primary isolates were examined ( Table 2) .
Studies of biologic clones obtained at serial time points also confirmed that the predominant viral population shifted from X4 to R5 after initiation of new combination antiretroviral therapy (Table 2) . For patient 2, for example, analyses of virus obtained 16 months after baseline and 8 months after initiation of double therapy showed only eight clones that used R5 as compared with 17 that used X4. After a switch to a HAART regime that included two new drugs, however, the viral population in this patient shifted, and all 25 biologic clones used R5. A similar pattern was exhibited by biologic clones from patient 5, whose virus shifted dramatically to R5 on the two occasions that HAART was initiated. Patient 14, by contrast, remained untreated, and her viral population evolved to comprise a larger proportion of clones using X4 over time.
The MT2 assay to detect SI viruses in culture was also performed on primary isolates derived at each time point. These results confirmed the pattern of HIV-1 coreceptor usage described here. Thirteen of the fifteen patients were infected initially with SI virus. In all 11 of those who displayed SI virus and received new combination therapy, the phenotype changed, at least transiently, to non-syncytia-inducing (NSI) after treatment (data not shown).
Coreceptor usage determined by sequence analysis of molecular clones derived from HIV-1 RNA. The determination of HIV-1 coreceptor usage described thus far analyzed virus cultivated from PBMCs with viral genomes derived primarily from HIV-1 DNA. Because plasma HIV-1 RNA represents replicating virus better than proviral DNA (23) and cultivation in vitro can result in selection of particular viral strains, we performed sequence analyses of molecular clones of HIV-1 to predict coreceptor usage of uncultivated, replicating virus (21, 22) . We sequenced the V3 region of 221 env genes derived from uncultivated plasma virus obtained at key time points. These sequences predicted a pattern of coreceptor usage that essentially paralleled the one obtained by using viral culture (Table 3 ). The sequence data underscored the change in coreceptor usage seen after initiation of treatment. These experiments suggest that study of cultivated virus reflects the coreceptor usage of currently replicating virus and is likely to reveal the shifts in viral populations that occur as a result of recent antiviral therapy. to derive a system to quantitate the proportion of virus in a primary isolate that uses each coreceptor. In this system, λ is a continuous, nonlinear variable between 1 and 0 derived from the results presented here showing coreceptor usage by biologically and molecularly cloned virus; it describes the mixed proportion of viruses using R5 and X4. A λ value near 1 describes a population of viruses that almost all use R5; a value near 0 describes a population that almost all use X4. By applying this method, we determined the proportion of virus using each coreceptor for each patient over time.
To quantitate the effect of combination therapy on HIV-1 coreceptor usage, we compared the λ values of virus obtained at the visits before and immediately after initiating new combination therapy. This comparison demonstrated a clear, statistically significant shift of the predominant viral population from X4 to R5 (Table 1 ). The mean λ values for virus from all 12 patients starting combination therapy (groups I and II) changed from 0.33 to 0.75 (P = 0.003 by using the binomial proportion comparison test). For the subset of nine who initiated HAART (group I), the shift in λ extended from 0.40 to 0.74 (P = 0.023). In addition, we wished to assess separately the effect of initiating treatment with two or more nucleoside analogues and no protease inhibitor on coreceptor usage. Five of the patients who ultimately received HAART had received regimens consisting of two nucleoside analogues previously. We therefore compared the λ values of virus obtained before and after initiation of two or more nucleoside analogues in a group of eight patients (group II and patients 1, 2, 6, 7, and 9); in this group the λ values changed from 0.30 to 0.84 (P = 0.008). By contrast, in the group III patients, who did not initiate combination therapy, the mean λ value decreased from 0.32 to 0.24 during the course of this study. These numerical comparisons of coreceptor usage demonstrated a shift in the predominant viral population from X4 to R5 after initiation of a variety of combination antiviral regimens.
Long-term analysis of the effect of antiviral therapy, viral level, and CD4 + cell count on coreceptor usage. The period of follow-up for treated women in this study averaged 28.5 months, during which their coreceptor usage, plasma HIV-1 RNA levels, and CD4 + cell count varied, sometimes in concert (Figure 1 ). We performed a multivariate Poisson regression to analyze the relationship of these variables to antiretroviral treatment and to each other over time. The mulitvariate regression indicated that antiretroviral therapy with two or more drugs was by far the most significant factor in determining λ, the numerical expression of the proportion of viruses using R5 (P = 0.01). Although changes in viral level and the CD4 + cell count had a significant A Before therapy refers to data obtained at the visit immediately preceding initiation of new two-or three-drug antiretroviral therapy in groups I and II. For group III, data from the first time point are shown. B Follow-up refers to data obtained at the first time point after the initiation of the anti-HIV therapy listed for groups I and II. For group III, data from the final time point are displayed. C Comparisons of λ before and after initiation of new, combination antiretroviral therapy were statistically significant for group I, HAART recipients (P = 0.023), and groups I and II combined, consisting of all treated patients (P = 0.003).
effect on λ in univariate analysis, they lost all significance when considered in a multivariate regression analysis with antiretroviral therapy. The strength of the relationship between initiation of therapy and shift in HIV-1 coreceptor usage is reflected in the course of treated individuals such as patient 8, who maintained high plasma HIV-1 RNA levels during treatment, but demonstrated a substantial, long-term shift in viral population toward R5 (Figure 1 ).
Discussion
Coreceptor usage plays a major role in pathogenesis and disease progression. The emergence of X4-using HIV-1 strains occurs in approximately half of infected patients and heralds CD4 + cell depletion and accelerated disease progression. This study presents numerous lines of evidence demonstrating that in HIV-1-infected individuals with advanced disease and X4 virus, combination antiviral therapy leads to a shift in the predominant viral population from X4-to R5-using strains. This shift was seen by examining cultivated primary viral isolates, biologically cloned virus, and uncultivated virionderived HIV-1 RNA from plasma. In addition, it was seen not only in response to HAART, but also to combinations of two or more nucleoside analogues. The alteration in HIV-1 coreceptor usage was most dramatic at the first visit immediately after initiation of combination therapy, but Poisson regression analyses showed a significant change that persisted for the mean 28.5-month follow-up period for treated patients. Furthermore, multivariate analyses showed that the shift in viral population was dependent upon treatment, not the changes in plasma HIV-1 RNA level and CD4 + cell count that often accompany it. Because therapy was associated with changes in viral level and CD4 + cell count, λ did change with these two variables, but the regression suggested that the treatment brought about the shift and the other variables had only a secondary effect.
The data presented here suggest that antiretroviral therapy is capable of affecting not only the quantity of HIV-1 in an infected individual but the character of the virus as well. Slowing of HIV-1 disease progression and prevention of the emergence of resistance have been associated with suppression of plasma virus, making the elimination of detectable plasma HIV-1 a major goal of treatment (13, 24, 25) . Recent reports, however, have shown that many individuals treated by HAART did not experience sustained suppression of plasma viremia, although some did derive immunologic and clinical benefits (15) (16) (17) . The overall drop in mortality and illness due to HIV-1 in the US after the introduction of combination therapy provides evidence that the benefit may be widespread. The clinical benefits of HAART may thus stem from two effects on the virus: a suppression of plasma viremia and a shift in the viral population toward R5-using strains.
Three studies previously addressed the relationship of HIV-1 phenotype to antiviral therapy in clinical settings that differ from the one described here. One report noted a transient loss of the SI phenotype in 30% of late-stage patients taking didanosine but not zidovudine monotherapy (26) . More recently, a paper addressed HIV-1 coreceptor usage in patients whose mean viral levels remained very elevated (>500,000 copies of HIV-1 RNA per milliliter) despite HAART (27) . In that cross-sectional study, patients were infected with a predominance of X4 strains after therapy. A recent study of HIV-1-infected children showed that HAART was associated with a restriction in the number of coreceptors used. Although most of the children did not have X4-using virus strains before treatment, a shift in coreceptor usage from X4 to R5 was seen in a few children who had a response to HAART (28) .
The analyses presented here focussed on women enrolled in natural history studies. It would be of interest to study HIV-1 coreceptor usage in individuals participating in a controlled treatment trial, where patient profile and therapy are standardized and participants are followed more frequently. Because of the controlled nature of a treatment trial, it may be possible to assess the contribution of a shift in viral population to clinical response. In addition, such a trial may provide an opportunity to determine whether coreceptor usage may predict which patients are likely to achieve a durable response to HAART. Finally, because gender, race, and host chemokine-receptor genotype can influence the HIV-1 RNA level and rate of CD4 + cell decline (18, 29) , it would be worthwhile to study patients of both genders, varied racial backgrounds, and different CCR5 genotypes.
The data presented here enabled us to quantitate the proportion of virus using each coreceptor and to make numerical comparisons of coreceptor usage over time and in different individuals. As demonstrated in this and previous studies, once X4 strains evolve in an infected individual, the majority of primary isolates
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The and plasma virus populations include both X4 and R5 viruses ( Figure 1 , Tables 2 and 3 ). To rigorously compare the effect of a therapeutic intervention or follow the natural history of HIV-1 coreceptor usage, it is necessary to quantitate the proportion of each strain. This quantitative comparison allowed us to document that antiviral therapy led to a clear, statistically significant shift in coreceptor usage (Table 1) . Studies have documented that both R5 and X4 using HIV-1 strains can be detected in advanced disease (6, 8, 10) . Very few studies, however, have examined HIV-1 clones for dual tropism. Previously, a molecularly cloned, dual-tropic primary HIV-1 isolate named 89.6 was analyzed and found to use both X4 and R5, perhaps representing an important transitional phenotype in the evolution from NSI to SI viruses (2) . A recent paper examined the dual-tropic 89.6 viral isolate in greater detail (30) , reporting that functional clones were derived from the quasispecies comprising the 89.6 primary isolate. Even among these clones, however, 14% were not dual tropic, but instead used either R5 or X4 exclusively (30) . To address the issue of coreceptor usage by individual viruses, two pioneering studies derived a small number of biologic clones, with results varying according to the indicator cell line employed. In a study using CCC/CD4 cells, three clones from a primary SI isolate were found to be dual tropic, although a biologic clone from another such isolate used X4 alone (31) . In a second study that employed the HOS-CD4 + cell system to assay coreceptor preference, seven biologic clones from four individuals used either X4 or R5, but not both (9) . To ascertain the proportion of virus in a primary isolate using each coreceptor, we analyzed 525 biologic and 221 molecular clones but found none that were dual tropic. The analyses reported here add a substantial body of data to show that dual-tropic cloned viruses are unusual when assayed by the HOS-CD4 + system. Further studies are needed to determine how frequently dual tropic clones of HIV-1 can be isolated.
The reason for the preferential suppression of X4 strains and shift in HIV-1 coreceptor usage is not clear, but several mechanisms are possible. Most depend on the concept that combination therapy reduces the HIV-1 burden greatly, leaving a viral reservoir consisting of a larger proportion of R5 than X4 strains. X4 and R5 viruses infect different cell populations, with R5 viruses targeting relatively long-lived CD4 + memory cells and macrophages that may serve as reservoirs of HIV-1 (10, 32) . Other cells infected by R5 virus may be inaccessible to antiviral therapy because of their location or drug permeability. Immune activation may periodically result in the stimulation of HIV-1 replication and release of R5 virus from these cells (33, 34) . HAART has been found to suppress a large fraction of viral replication, resulting in recovered viruses that are derived in part from a latent reservoir of HIV-1 (33, 34) . Analyses of these strains show that latent viruses vary, but there is evidence that at least a portion of them may represent ancestral species; these latent viruses may include R5 strains. There are also data showing that HAART leads to a reduction in expression of coreceptors in lymphoid tissue (35) . This reduction may change the balance of different coreceptors and result in differential replication of R5 strains after therapy.
Finally, an immune mechanism may contribute to the selective suppression of X4 strains over time. A study of viral phenotypes during primary infection showed that soon after infection SI strains are detected, but selectively eliminated, perhaps by immune surveillance (36) . After an immunologic response to HAART, a newly reconstituted immune response might help to suppress X4 strains in a similar manner.
Although this study reports that the viral population in treated patients shifted toward R5 after initiation of therapy, the X4 virus eventually rebounded in most individuals, usually to a limited extent (Figure 1) . It is not known whether these X4 strains reflected the reemergence of virus present before therapy or the evolution of new, drug-resistant strains. The source of virus may also have been a reservoir other than blood. Understanding coreceptor usage during potent antiretroviral therapy is relevant to HIV-1 dynamics and the maintenance of viral suppression and clinical response. Coreceptor usage studies may have a role in virologic monitoring of patients on antiviral therapy, particularly as drugs are developed that target R5 or X4 strains of HIV-1. Additional studies of viral variation, drug resistance, and coreceptor usage in wellcharacterized, treated patients are needed. Comparison of coreceptor usage over time determined by two methods in representative study patients. At each time point, coreceptor usage was assayed by cocultivating PBMCs and determining the V3 loop sequence of virion-derived HIV-1 RNA.
